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(57) ABSTRACT

A manufacturing method of a semiconductor device is dis-
closed in the present invention. First, at least one gate struc-
ture and plurality of source/drain regions on a substrate are
formed, a dielectric layer is then formed on the substrate, a
first contact hole and a second contact hole are formed in the
dielectric layer, respectively on the gate structure and the
source/drain region, and a third contact hole is formed in the

D g;llc,lz 1/336 (2006.01) gieltectritc letl}lllerl, thr::liln the th(iird cc;ntetlcﬁ lllole overlaps the
HO1L 21/768 (2006.01) rst contact hole and the second contact hole.
HOI1L 21311 (2006.01) 10 Claims, 6 Drawing Sheets
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1
MANUFACTURING METHOD OF
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to semiconductor manufac-
turing process, and more particularly to a connection method
for contact holes.

2. Description of the Prior Art

Photolithography processes have been used as essential
processes in semiconductor manufacturing procedures. They
includes steps of providing a photomask or photomasks hav-
ing designed patterns such as circuit patterns, doped region
patterns, or contact layout patterns and transferring said pat-
terns to a photoresist formed on a substrate by an exposure
step and a development step so that those complicated pat-
terns are obtained on the semiconductor chips or on the thin
film precisely. After a photolithography process has been
carried out, corresponding implantations or etching processes
are performed to construct intricate circuit structures.

However, when two or more contact holes are partially
overlap in the same thin film, the overlapped regions may be
etched several times, thereby influencing the pattern con-
tours, and moreover, damaging others components disposed
under the contact plug.

SUMMARY OF THE INVENTION

To solve the issues mentioned above, the present invention
provides a manufacturing method including forming at least
one gate structure and plurality of source/drain regions on a
substrate. A dielectric layer is then formed on the substrate.
Afterwards, a first contact hole and a second contact hole are
formed in the dielectric layer, on the gate structure and the
source/drain region respectively, and a third contact hole is
formed in the dielectric layer, wherein the third contact hole
overlaps the first contact hole and the second contact hole.

The present invention further provides a manufacturing
method including forming at least one gate structure and
plurality of source/drain regions on a substrate. A dielectric
layer is then formed on the substrate. Afterwards, a first
contact hole is formed in the dielectric layer, in the gate
structure or in the source/drain region, and a second contact
hole is formed in the dielectric layer, wherein the second
contact hole overlaps the first contact hole and the second
contact hole.

With the method of the present invention, since less over-
lapped regions are present during the formation of the contact
holes, the destruction to the components under each contact
holes can be avoided, thereby increasing the process yield
rate.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-7 are schematic, cross-sectional view diagrams
showing a method for fabricating a semiconductor device
according to one embodiment of the present invention.

FIG. 8 is a schematic, top-view diagram showing a semi-
conductor device according to the first preferred embodiment
of the present invention.
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FIGS. 9-12 are schematic, cross-sectional view diagrams
showing a method for fabricating a semiconductor device
according to the second preferred embodiment of the present
invention.

DETAILED DESCRIPTION

To provide a better understanding of the present invention
to users skilled in the technology of the present invention,
preferred embodiments are detailed as follows. The preferred
embodiments of the present invention are illustrated in the
accompanying drawings with numbered elements to clarify
the contents and the effects to be achieved.

Please note that the figures are only for illustration and the
figures may not be to scale. The scale may be further modified
according to different design considerations. When referring
to the words “up” or “down” that describe the relationship
between components in the text, it is well known in the art and
should be clearly understood that these words refer to relative
positions that can be inverted to obtain a similar structure, and
these structures should therefore not be precluded from the
scope of the claims in the present invention.

Please refer to FIGS. 1-7. FIGS. 1-7 are schematic, cross-
sectional view diagrams showing a method for fabricating a
semiconductor device according to the first preferred
embodiment of the present invention. As shown in FIG. 1, at
first, a substrate 10 is provided, such as a silicon substrate, an
epitaxial silicon substrate, a silicon germanium substrate, a
silicon carbide substrate or a silicon-on-insulator (SOI) sub-
strate. A semiconductor device is formed on the substrate 10,
such as a metal oxide semiconductor (MOS) transistor, and
the MOS transistor includes a gate structure 12 and a plurality
of'S/D region 14 disposed on two sides of the gate structure 12
in the substrate 10. Afterwards, a contact etch stop layer
(CESL)16 and a dielectric layer, such as a bottom inter layer
dielectric (ILD) 18 are sequentially formed on the substrate
10, a planarization process is then carried out, such as a
chemical mechanical polishing, to remove parts of the bottom
ILD 18 and exposes the gate structure 12. The gate structure
12 may be a metal gate, a polysilicon gate or others, but not
limited thereto. Besides, a contact structure 20 may be selec-
tively formed on the corresponded S/D region 14, penetrating
the bottom ILD 18 and the CESL 16, wherein the contact
structure 20 may be a pole contact or a slot contact that
directly contacts the S/D region 14.

Afterwards, a top ILD 22 and a photoresist layer 25 are
sequentially formed on the bottom ILD 18. It is worth noting
that, in the first preferred embodiment of the present inven-
tion, a cap layer 21 may be selectively formed between the top
ILD 22 and the bottom ILD 18, such as a nitrogen doped
carbide (NDC), and the cap layer is used as an etching stop
layer. In addition, the photoresist layer 25 may be a single
photoresist layer structure or a multiple photoresist layer
structure. In this embodiment, the photoresist layer 25 is a
multiple photoresist layer structure; for example, a bottom
photoresist 24 and a middle photoresist 26 are selectively
formed on the top ILD 22, a top photoresist 28 is then formed
on the middle photoresist 26. The multiple photoresist layer
structure can improve the quality of the contact holes formed
in the top ILD 22 in following steps. In other words, when
performing an etching process through multiple photoresist
layer structures, the pattern can be transferred from one layer
to another, contrary to using a single photoresist layer struc-
ture. This way the pattern alignment is more precise, and the
defects are less likely to occur in the contact holes, but the
present invention is not limited thereto, and the photoresist
layer 25 can also be a single photoresist layer.
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In the present invention, the bottom photoresist 24 may be
apositive photoresist or a negative photoresist and include an
organic material, such as an I-line photoresist layer, the thick-
ness is preferred to be comprised between 1500~2500 Ang-
strom. As known by persons of ordinary skills in the art, the
I-line photoresist layer is more sensitive to a wave of a wave-
length 0f 365 nm. The middle photoresist 26 may be a silicon-
containing hard-mask bottom anti-reflection coating layer
(SHB), including an organosilicon polymer or a polysilane,
which thickness is preferred to be comprised between
300~700 Angstrom. The top photoresist 28 may be a positive
photoresist or a negative photoresist, such as an ArF photo-
resist layer to be used for exposures with a 193 nm wave-
length, which thickness is preferred to be comprised between
500~1000 Angstrom.

A photo-etching process is then performed with a first
photomask, i.e. exposing and developing the top photoresist
28. The middle photoresist 26, the bottom photoresist 24 and
the top ILD 22 are then etched. After the photoresist layer 25
is removed, as shown in FIG. 2, a first contact hole 32 is
formed in the top ILD 22, wherein the first contact hole 32 is
disposed above the gate structure 12, and exposing the cap
layer 21. Repeat the processes of forming the bottom photo-
resist (not shown), the middle photoresist (not shown) and the
top photoresist (not shown) on the top ILD 22, then exposing
and developing the top photoresist with a second photomask.
The middle photoresist, the bottom photoresist and the top
ILD 22 are then etched sequentially. After the photoresist
layer is removed, as shown in FIG. 3, a second contact hole 34
is formed in the top IL.D 22, wherein the second contact hole
34 is disposed above the S/D region 14. Because the contact
structure 20 may be disposed on the S/D region 14, hence the
second contact hole 34 may expose the S/D region 14 or the
contact structure 20 during subsequent etching processes. Itis
worth noting that, in this present embodiment, the first contact
hole 32 does not directly contact the second contact hole 34.

Afterwards, repeat the process for forming a third contact
hole, as shown in FIG. 4: a photoresist layer 27, such as the
bottom photoresist 24, the middle photoresist 26 and the top
photoresist 28 are formed on the top ILD 22, then expose and
develop the top photoresist 28 with a third photomask, as
shown in FIG. 5; the middle photoresist 26, the bottom pho-
toresist 24 and the top ILD 22 are etched sequentially, and the
rest of the middle photoresist 26, and the cap layer 21 or the
top ILD 22 disposed in each contact holes are removed, as
shown in FIG. 6; a third contact hole 36 is formed in the top
ILD 22 between the first contact hole 32 and the second
contact hole 34, wherein the third contact hole 36 overlaps
parts of the first contact hole 32 and parts of the second
contact hole 34 respectively. After the bottom photoresist 24
and the cap layer 21 disposed in each contact holes are
removed, as shown in FIG. 7, a barrier layer (not shown) and
a conductive layer 40 such as a metal layer, for example
tungsten (W), aluminum (Al) or copper (Cu), are filled in each
contact holes. A planarization process is then performed
optionally to planarize the conductive layer 40. The conduc-
tive layer 40 electrically connects the gate structure 12 to the
contact structure 20 or the S/D region 14. Finally, a multi-
layer metal interconnect process is performed, to form the
needed metal interconnects (not shown) on the top ILD 22,
such as a first metal trace, a second metal trace . . . and an n”
metal trace.

FIG. 8 illustrates the top-view diagram of the present
embodiment, as shown in FIG. 8, each contact structure 20 are
slot contacts for instance, in this embodiment, a plurality of
first contact holes 32 are formed on the gate structure 12, and
each second contact holes 34 are formed on each contact
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structures 20 or on each S/D regions 14, and a plurality of
third contact holes 36 are formed to connect the first contact
hole 32 and the second contact hole 34, wherein the areas of
the first contact hole 32 and of the second contact hole 34 are
not limited as shown in FIG. 8, the width or the length may be
larger than the gate structure 12 or the contact structure 20.
The feature of the present invention is that the third contact
hole 36 is formed after the first contact hole 32 and the second
contact hole 34 is formed, besides, the first contact hole 32
does not directly contacts the second contact hole 34 during
the forming process, therefore the first contact hole 32 does
not overlap the second contact hole 34, and the third contact
hole 36 connects the first contact hole 32 with the second
contact hole 34, thereby, it avoids the overlapped region of
each contact holes being etched for several times during the
etching process, causing the damages or destruction of the
components disposed under each contact holes, such as the
gate structure 12 or the contact structure 20. It is worth noting
that some of the first contact holes 32 and the second contact
holes 34 do not overlap the third contact hole 36. The cross
section of the cross line AA' corresponds to the FIGS. 1-7,
showing the fabricating method for the semiconductor device
of the present invention. The cross section of the cross line
BB!' corresponds to the FIGS. 9-12, showing the fabricating
method according to the second preferred embodiment of the
present invention.

In the embodiment mentioned above, the first contact hole
32 is formed before the second contact hole 34 is formed, but
the present invention is not limited thereto, in other words, the
second contact hole 34 can be formed before the first contact
hole 32 is formed, or the first contact hole 32 and the second
contact hole 34 are formed simultaneously. More detail to
describe, in this present invention, the first contact hole 32 and
the second contact hole 34 aligned along with a first direction
are formed through a double patterning lithography (DPL),
exposing and developing the photoresist layer above the gate
structure 12, then etching the top ILD 22 above the gate
structure 12, afterward, exposing and developing the photo-
resist layer above the S/D region 14, and etching the top ILD
22 above the S/D region 14, in this case, there are two photo-
etching processes and two etching processes (2P2E). On the
other hand, the present invention may includes exposing and
developing the photoresist layer above the gate structure 12,
then exposing and developing the photoresist layer above the
S/D region 14, afterward, an etching process is performed
only once, so there are two photo-etching processes and just
one etching process (2P1E). And each of the third contact
holes 36 are aligned with a second direction to connect the
first contact hole 32 and the second contact hole 34, wherein
the first direction is not parallel with the second direction. It
can be understandable that the present invention is not limited
by these process mentioned above. Ifthe following conditions
are satisfied, any process should be comprised in the scope of
the present invention: the first contact hole 32 does not
directly contact the second contact hole 34, and the third
contact hole 36 formed in later steps overlaps the first contact
hole 32 and the second contact hole 34.

Besides, the cap layer 21 of the present invention can be
used as the stop layer during the etching process, to protect the
components such as the gate structure 12 or the contact struc-
ture 20 from the destruction. Therefore, in this embodiment,
during the formation of first contact hole 32, the second
contact hole 34 and the third contact hole 36, the etching
process can stopped on the cap layer 21, and after the first
contact hole 32, the second contact hole 34 and the third
contact hole 36 are completed, the cap layer 21 is then
removed, such as through a wet etching process, to expose the
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gate structure 12, the S/D region 14 or the contact structure 20
disposed in each contact holes, but the method mentioned
above is not limited thereto. The present invention can be used
in other semiconductor manufacturing process, for example,
to form via plug or traces in a metal interconnect.

To summarize the above descriptions, the present invention
provides a semiconductor manufacturing process, the first
contact hole and the second contact hole are electrically con-
nected to the gate structure and the S/D region respectively,
and both of them are connected to each other through the third
contact hole, and since less overlapped regions are present
during the formation of the contact holes, the destruction to
the components under each contact holes can be avoided,
thereby increasing the process yield rate.

The following description will detail the different embodi-
ments of the semiconductor device and the manufacturing
method of the present invention. To simplify the description,
the following description will detail the dissimilarities among
the different embodiments and the identical features will not
be redundantly described. In order to easily compare the
differences between the embodiments, the identical compo-
nents in each of the following embodiments are marked with
identical symbols.

Please refer to FIGS. 9~12, FIGS. 9-12 are schematic,
cross-sectional view diagrams showing a method for fabri-
cating a semiconductor device according to the second pre-
ferred embodiment of the present invention. The fabrication
process of this second embodiment is similar to the first
embodiment; hence, the following description is focused on
the difference between these two embodiments. First, a semi-
conductor device with a contact structure 20 disposed on each
corresponding source/drain region 14 as shown in FIG. 1 is
provided. Afterwards, as shown in FIG. 9, a first contact hole
42 is formed in the top ILD 22 with a first photomask, wherein
the first contact hole 42 is disposed above the source/drain
region 14, as shown in FIG. 10, a photoresist layer 27, such as
a bottom photoresist 24, a middle photoresist 26 and a top
photoresist 28 are formed on a top ILD 22, then the top
photoresist 28 is exposed and developed with a second pho-
tomask. As shown in FIG. 11, the middle photoresist 26, the
bottom photoresist 24 and the top ILD 22 are etched sequen-
tially, and after the rest of the middle photoresist 26, a cap
layer 21 or the top ILD 22 disposed in each contact holes are
removed, as shown in FIG. 12, a second contact hole 44 is
formed in the top ILD 22, wherein the second contact hole 44
overlaps parts of the first contact hole 42. A conductive layer
(not shown) is then formed in the first contact hole 42 and the
second contact hole 44. The other components, material prop-
erties, and manufacturing method of the embodiment are
similar to those of the first preferred embodiment detailed
above and will not be redundantly described.

The first contact hole 42 described above is formed above
the source/drain region 14, but not limited thereto. In other
words, the first contact hole 42 may formed above the gate
structure 12. The difference between the second preferred
embodiment and the first preferred embodiment is that the
first contact hole 42 is only formed above the source/drain
region 14 or the gate structure 12, and the gate structure 12
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and the source/drain region 14 (or the contact structure 20) are
connected to each other through the second contact hole 44.
Since less overlapped regions are present during the forma-
tion of the contact holes, the destruction to the components
under each contact holes can be avoided, thereby increasing
the process yield rate.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A manufacturing method of a semiconductor device,
comprising:

forming at least one gate structure and plurality of source/

drain regions on a substrate;

forming a dielectric layer on the substrate;

forming a first contact hole and a second contact hole in the

dielectric layer, on the gate structure and the source/
drain region respectively;

forming a photoresist layer in the first contact hole and the

second contact hole; and

patterning the photoresist layer and removing a portion of

the dielectric layer between the first contact hole and the
second contact hole to form a third contact hole in the
dielectric layer, wherein the third contact hole is formed
after the first contact hole and the second contacthole are
formed, and the third contact hole overlaps the first
contact hole and the second contact hole, the first contact
hole and the second contact hole not contacting each
other before the third contact hole is formed.

2. The manufacturing method of claim 1, wherein the first
contact hole and the second contact hole are formed during
different steps.

3. The manufacturing method of claim 1, wherein the first
contact hole and the second contact hole are formed during a
same step.

4. The manufacturing method of claim 1, further compris-
ing forming a contact structure on each corresponding source/
drain region respectively.

5. The manufacturing method of claim 1, wherein the con-
tact structure includes pole contacts or slot contacts.

6. The manufacturing method of claim 1, wherein the first
contact hole, the second contact hole and the third contact
hole are formed in the dielectric layer through a photo-etch-
ing process.

7. The manufacturing method of claim 1, further compris-
ing forming a conductive layer in the first contact hole, the
second contact hole and the third contact hole.

8. The manufacturing method of claim 1, wherein the gate
structure includes poly gate and metal gate.

9. The manufacturing method of claim 1, wherein the third
contact hole is formed after the first contact hole and the
second contact hole is formed.

10. The manufacturing method of claim 1, further compris-
ing filling a conductive layer in the first contact hole, the
second contacthole and the third contact hole simultaneously.
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